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Description 

The present invention relates broadly to 
apparatus for cathode sputtering and more par- 
ticularly to an improved magnetron cathode sput- 
tering system. 

Cathode sputtering is widely used for deposit- 
ing thin films of material onto substrates. Such a 
process involves generally ion bombarding a flat 
target plate of the material to be sputtered in an 
ionized gas atmosphere in an evacuable coating 
chamber in which a controlled vacuum is main- 
tained to cause particles of the target plate 
material to be dislodged and deposited as a thin 
film on the substrate being coated. The target 
plate, to which a layer of the coating material to 
be sputtered is applied, is generally of elongated, 
rectangular form, with the substrate to be coated 
being moved either continuously or intermittently 
therebeneath. The longitudinal axis of the target 
plate is transverse to the direction of substrate 
movement. 

In an endeavor to attain increased deposition 
rates the use of magnetic enhanced cathodes has 
been proposed. Such cathodes are known as 
planar magnetron cathodes and customarily 
include an array of permanent magnets arranged 
in a closed loop and mounted in a fixed position 
in relation to the flat target plate. Thus, the 
magnetic field is caused to travel in a closed loop, 
commonly referred to as a "race track" which 
establishes the path or region along which sput- 
tering or erosion of the target plate material takes 
place. 

One drawback of the conventional flat plate 
target, however, is that the race track along which 
sputtering takes place is relatively narrow so that 
erosion occurs in a relatively narrow ring-shaped 
region corresponding to the shape of the closed 
loop magnetic field. As a result, only a relatively 
small portion of the total target material in the so- 
called race track region is consumed before the 
target must be replaced. 
=^ In Rgures 18 and 19 of DE— A— 2,707,144 there 
is disclosed apparatus for sputtering thin films of 
a selected coating material upon substantially 
planar substrates comprising an evacuable coat- 
ing chamber, a cathode mounted horizontally in 
said coating chamber and comprising an elon- 
gated, cylindrical tubular member having a layer 
of the coating material to be sputtered applied to 
the outer surface thereof; and magnetic means 
located in said tubular member for providing a 
sputtering zone extending lengthwise thereof. 

In the said Figures 18 and 19, both the tubular 
cathode and the substrate are stationary, the 
magnetic means being arranged to slide along 
the inside surface of the tubular cathode while 
being both rotated and moved up and down. The 
tubular cathode, however, is mounted radially 
inwardly of four substrates which are arranged 
along the sides of a square so as to leave gaps at 
the comers of the square. Consequently, a sub- 
stantial proportion of the sputtered material will 
pass through said gaps, while the coating of the 
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substrates will not be uniform because the dis- 
tance between the region of the cathode at which 
sputtering is occurring and the region of the 
respective substrate which is being located will 
5 vary considerably along the length of the 
respective substrate. 

According, therefore, to one aspect of the 
present invention, there is provided apparatus for 
sputtering thin films of a selected coating material 
70 upon substantially planar substrates comprising 
an evacuable coating chamber, a cathode 
mounted horizontally in said coating chamber 
and comprising an elongated, cylindrical tubular 
member having a layer of the coating material to 
75 be sputtered applied to the outer surface thereof; 
and magnetic means located in said tubular 
member for providing a sputtering zone extend- 
ing lengthwise thereof, characterised by means 
for rotating said tubular member about its longl- 
20 tudinal axis to bring different portions of the 
coating material into a sputtering position oppo- 
site said magnetic means, and within said sputter- 
ing zone, and means in the coating chamber for 
horizontally supporting the substrates and for 
25 transporting them past the magnetic means to 
receive the sputtered material. 

According to another aspect of the present 
invention, there is provided a method of sputter- 
ing thin films of a selected coating material upon 
30 substantially planar substrates comprising pro- 
viding an elongated, cylindrical tubular member 
having a layer of the coating material to be 
sputtered applied to the outer surface thereof, 
and providing within said tubular member a 
35 magnetic field defining the length and width of 
the sputtering zone on the coating material, 
characterised by rotating said tubular member 
about its longitudinal axis during the sputtering 
operation to bring different portions of the coat- 
40 ing material within the sputtering zone into a 
sputtering position and simultaneously moving 
the planar substrates past said sputtering zone to 
receive the material being sputtered. 
As will be appreciated, since in the case of the 
45 present invention, the tubular member is rotated 
to bring different portions of the coating material 
into a sputtering position, the substrate can be 
provided with a uniform coating notwithstanding 
the fact that the substrate is being moved simul- 
50 taneously past the sputtering zone. At the same 
time, it is possible to ensure that a very sub- 
stantial portion of the coating material on the 
tubular member can be successfully sputtered 
onto the substrate. Thus the present invention, 
55 while retaining the advantages of high deposition 
rates, also renders possible an even more effec- 
tive and maximum utilization of the coating 
material, thereby substantially increasing the 
operating life thereof. 
60 In the preferred embodiment of. the present 
invention, the magnetic means includes an array 
of U-shaped permanent magnets arranged inside 
the tube, with the opposite legs of the magnets 
being secured to spaced, parallel magnetic strips 
65 running lengthwise of the tube. The tube is rotat- 
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able about is longitudinal axis so that it can be 
turned relative to the magnets to selectively bring 
different portions or segments of the coating 
material on the outer surface thereof into position 
opposite the magnets and within the magnetic 
field. Different coating materials can be applied to 
different portions of the outer surface of the 
rotatable tube so that by turning the tube a par- 
ticular selected coating material can be brought 
into a sputtering position. The cathode may be 
internally cooled by the circulation of a cooling 
liquid therethrough. 

These and other features and advantages of the 
invention will be apparent from the following 
description, with reference to the accompanying 
drawings. 

Rgure 1 is a vertical longitudinal section 
through a coating chamber showing in elevation 
a magnetron cathode constructed in accordance 
with the present invention mounted therein, 

Fig. 2 is a horizontal longitudinal section taken 
substantially on line 2—2 of Fig. 1. 

Fig. 3 is an end view of Fig. 1, 

Fig. 3A is a perspective view of a portion of one 
of the magnetic strips. 

Fig. 4 is a view similar to Fig. 1 illustrating 
another embodiment of the invention. 

Fig. 5 is a horizontal longitudinal section taken 
substantially on line 5 — 5 of Fig. 4, 

Fig. 6 is an end view of Fig. 4, and 

Fig. 7 and 8 are generally schematic plan views 
Illustrating two other modified forms of the inven- 
tion. 

Fig. 9 is a vertical longitudinal sectional view of 
another form of the invention. 

Fig. 10 is a vertical section taken substantially 
on line 10 — 10 of Fig. 9, 

Fig. 11 is a vertical section taken substantially 
on line 11—11 of Fig. 9, 

Fig, 12 is a horizontal section taken substan- 
tially on line 12—12 of Fig. 9, and 

Fig. 13 is a transverse section taken substan- 
tially on line 13—13 of Fig. 12. 

One form of the invention is illustrated in Figs. 1 
to 8 of the invention and a second form illustrated 
in Figs. 9 to 13. Referring to the drawings and par- 
ticularly to the embodiment of the invention illus- 
trated in Figs. 1, 2 and 3, the cathode assembly is 
designated by the numeral 20 and is mounted In 
an evacuable coating chamber 21. The coating 
chamber is rectangular and is composed of a 
bottom wall 22, top wall 23, opposite side walls 24 
and 25 and end walls (not shown). The bottom 
and top walls 22 and 23 are suitably joined to the 
side walls 24 and 25 at the hermetic seals 26 and 
27 respectively. The end walls are similarly sealed 
to the top and bottom and side walls. A vacuum 
pump 28 is provided to evacuate the coating 
chamber 21 to the desired pressure. Should it be 
desired to inject gases into the chamber, it may be 
done through conduit 29 controlled by a valve 30. 

The cathode assembly 20 comprises generally 
an elongated cylindrical tube 31 mounted in the 
coating chamber 21 and in the lower portion of 
which is mounted the magnetic means 32. The 



tube 31 is formed of a suitable non-magnetic 
material such as, for example, brass or stainless 
steel and is of a diameter, wall thickness and 
length required for the operation to be performed. 

5 Applied to the outer surface of the tube 31 is a 

layer 33 of a selected coating or target material to 
be deposited onto the substrates being coated. 
Thus, the tube 31 and layer of coating material 33 
constitute a tubular target or sputtering source as 

10 distinguished from the conventional planar 
target. 

The tube 31 is supported in a horizontal posi- 
tion in the coating chamber 21 and is mounted for 
rotation about its longitudinal axis. For this pur- 
rs pose, the tube is supported at its inner end by a 
trunnion 34 secured the closed inner end 35 of the 
tube and journaled in a bearing block 36 carried 
by a bracket 37 secured to the side wall 25 of the 
. coating chamber by screws 38. 
20 The tube 31 is open at its outer end and extends 
through an opening in the side wall 24 of the 
coating chamber 21, where it is supported in an 
annular ring 39 surrounded by a collar 40 secured 
to said side wall 24 by screws 41. The interior of 
25 the coating chamber is sealed from the atmos- 
phere by O-rings 42 and 43 engaging the tube 31 
and side wall 24 of the coating chamber respec- 
tively. 

To provide the requisite cooling of the cathode 

30 assembly there is provided a coolant conduit 44 
also of a suitable non-magnetic material extend- 
ing longitudinally in the lower portion of the tube 
31. The inner end of said conduit is closed and 
spaced from the closed inner end 35 of tube 31, 

35 while the outer end thereof extends beyond the 
tube as indicated at 45. A suitable coolant, such as 
water, is introduced into the outer end of the 
conduit 44 and, after passing through openings 
46 therein, circulates throughout the tube 31 and 

40 exits at the outer end thereof. 

The magnetic means 32 comprises an array of 
U-shaped permanent magnets 47 arranged in two 
straight parallel rows A and B that extend length- 
wise within the tube 31. The magnets 47 in each 

45 row are aligned with one another, with the mag- 
nets in one row being disposed alternately with 
and overlapping the magnets in the other row. 
Also the magnets in the two rows A and B are 
arranged at an angle relative to one another, as 

50 shown in Fig. 3, and are secured to the conduit 44 
by suitable brackets or the like. 

The outer legs 48 of the magnets 47 in row A 
engage a longitudinally extending, relative 
narrow strip 49 of a suitable magnetic material, 

55 such as hot rolled mild steel, while the outer legs 
50 of the magnets in row B engage a similar, 
magnetic strip 51 arranged parallel with magnetic 
strip 49. The inner legs 52 and 53 of the magnets 
in rows A and B overlap one another and engage 

60 a central longitudinally extending magnetic strip 
54 that extends parallel with the outer magnetic 
strips 49 and 51. The magnets 47 are secured to 
the respective magnetic strips by screws 55 pass- 
ing therethrough to tie them together as a unit. 
65 The bottom surfaces 59 of the magnetic strips 49, 
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51 and 54 are shaped to conform to the curvature 
of the inner surface of the tube 31. The central 
magnetic strip 54 is notched on a slant alternately 
first to one side and then the other, as indicated at 
54a in Fig. 3A, such that the inner legs 52 and 53 
of the magnets will face-to-face contact with said 
strip. 

The magnets 47 are preferably disposed so that 
the north poles thereof engage the outer mag- 
netic strips 49 and 51 , while the south poles of the 
magnets engage the central magnetic strip 54. 
This arrangement of the magnets and magnetic 
strips establishes two straight magnetic fields 
along which erosion of the target material 33 
takes place. 

A cathode potential sufficient to cause sputter- 
ing to occur is supplied to the tubular target from 
a D.C. power source (not shown) through a power 
line 60 having sliding contact with the tube 31. 
The apparatus is grounded in any suitable 
manner. 

The substrates S to be coated are supported on 
and carried through the coating chamber 21 and 
beneath the cathode 20 by rollers 62 and 63 keyed 
to a horizontal shaft 64 journaled In bearing 
blocks 65 and 65a supported on the bottom of the 
coating chamber. 

As stated above, the outer surface of the tube 
31 is provided with a layer 33 of the material to be 
sputtered on the substrates S as they pass there- 
beneath. By means of the handle 66 secured to 
the outer end of the tube 31 the tube can be 
rotated either clockwise or counter-clockwise 
about its longitudinal axis to position a selected 
portion of the coating material to be sputtered 
directly opposite the magnets and within the 
magnetic field. When this portion of the coating 
material has been depleted, the tube can again be 
rotated to bring another and fresh portion of the 
coating material into sputtering position. This 
procedure can be repeated until a maximum 
amount of the coating material has been utilized. 

Also by applying different coating materials to 
different portions of the outer surface of the rotat- 
able tube a particular selected coating material 
can be brought into sputtering position. In this 
way, it is possible to sputter different coating 
materials onto the substrates from a single target. 

The magnetic means 32 are supported on the 
tube 31, with the magnetic strips 49, 51 and 54 in 
direct contact with the inner surface thereof. With 
such an arrangement, upon rotation of the tube 
31, and due to the frictional contact between the 
tube and the magnetic strips, the magnets may be 
moved slightly with the tube from their original 
position relative to that portion of the coating 
material to be sputtered. Should this occur, it can 
be readily corrected and the magnets returned to 
their original position by turning the conduit 44, 
by means of the handle 67 secured to the outer 
end thereof, to move the magnets in the reverse 
direction. 

Figs. 4, 5 and 6 are views similar to Figs. 1, 2 
and 3 respectively but disclose an alternative 
form of magnetic means 70. Otherwise, the con- 



struction and operation of the apparatus are the 
same as above described with reference to Figs. 
1, 2 and 3 and the same numerals are used to 
designate like parts. 

5 In this form of the invention, the magnetic 

means 70 is composed of a single row C of per- 
manent U-shaped magnets 71, the legs 72 and 73 
of which engage spaced, longitudinally extending 
magnetic strips 74 and 75 respectively and are 

10 secured thereto by screws 76 and 77. The bottom 
surfaces 78 and 79 of the magnetic strips 74 and 
75 are shaped to conform to the curvature of the 
inner surface of the tube 31. In this embodiment, 
the established magnetic field also follows a 

IS straight path to create a straight erosion pattern 
on the target material. 

Extending longitudinally within the tube 31 and 
beneath the row of magnets 71 is a coolant 
conduit 80 to which the magnets are secured. A 

20 cooling liquid, such as water, is introduced into 
the outer end of the conduit and discharged there- 
from through openings 81 into the tube. The 
cooling liquid, after circulating within the tube 31, 
exits therefrom through the outer end thereof. 

25 The tube 31 can also be rotated by means of the 
handle 66 to selectively position different portions 
of the coating material opposite the magnets and 
within the magnetic field. Likewise, after the tube 
has been turned to place the selected unused 

30 portion of the coating material in sputtering posi- 
tion the magnetic means can be adjusted, if 
necessary, by means of the handle 67 to again 
bring the magnets into proper position relative to 
that portion of the coating material to be 

35 sputtered. 

In Figs. 7 and 8 are illustrated In somewhat 
schematic form two other modified embodiments 
of the invention, in each of which a plurality of 
rotatable cathodes of the type shown In Figs. 4, 5 

40 and 6 are employed. 

With reference to Figs. 7 and 8, two cathode 
assemblies 82 and 83 are horizontally disposed in 
spaced parallel side-by-side relation in an evacu- 
able coating chamber 84. Each cathode assembly 

45 comprises an elongated, cylindrical tube 85 
having a layer of the coating material 85a to be 
sputtered, applied to the outer surface thereof. 
Located within the tube 85 are the magnetic 
means 86 composed of a single row of permanent 

so U-shaped magnets 87, the opposite legs of which 
engage longitudinally extending magnetic strips 
88 and 89 and are secured thereto by screws 90 
and 91 respectively. 
The outer magnetic strip 88 of each cathode 

55 assembly constitutes the north pole piece and the 
inner magnetic strip 89 the south pole piece. The 
outer magnetic strips 88 extend beyond the inner 
magnetic strips 89 and are turned inwardly 
toward one another as indicated at 92. Positioned 

60 between the cathodes 82 and 83 at the opposite 
ends thereof are the additional permanent U- 
shaped magnets 93 and 94 which bridge the gap 
between the inturned ends 92 of the magnetic 
strips 88 and in conjunction therewith establish a 

55 magnetic field in the form of a closed loop or race 
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track. The cathodes 82 and 83 are internally 
cooled by the introduction of a cooling liquid into 
the coolant conduits 95 as above described with 
reference to Figs. 1, 2 and 3. 

The tubes 85 of the cathodes 82 and 83 are 
rotatable independently of one another to bring 
the desired unused portion of the coating 
material on the outer surface thereof into proper 
registration with the respective row of nrtagnets. 
Either the same or different types of coating 
materials can be applied to the tubes. 

The embodiment of the invention illustrated in 
Fig. 8 distinguishes from that disclosed in Fig. 7 
in that four cathode assemblies 96, 97, 98 and 99 
are mounted in horizontally spaced, parallel rela- 
tion in the coating chamber 100. These cathode 
assemblies are preferably of the same type as 
shown in Fig. 7, with each comprising an elon- 
gated, cylindrical rotatable tube 101 having a 
layer of the material to be sputtered applied to 
the outer surface thereof. Also, the magnetic 
means with the tube 85 of each cathode is com- 
posed of a single row of permanent U-shaped 
magnets 102, the opposite legs of which engage 
and are secured to the magnetic strips 103 and 
104 by screws 105 and 106 respectively. 

The magnetic strips 103 constitute north pole 
pieces, while the magnetic strips 104 constitute 
south pole pieces. The magnetic strips 103 of 
cathodes 96—97 and 98—99 extend at one end 
beyond the associated strips 104 and are turned 
inwardly as indicated at 107 and 108 respec- 
tively. On the other hand, the magnetic strips 104 
of the magnets 97 and 98 extend beyond the 
associated magnetic strips 103 at the other end 
of the rows of magnets and are turned inwardly 
toward one another as indicated at 109. 

Located between the inturned ends 107 of 
magnetic strips 103 of cathodes 96 and 97 is a 
permanent U-shaped magnet 110 and a similar 
magnet 111 is positioned between the Inturned 
ends 108 of the magnetic strips 103 of cathodes 
98 and 99. Also positioned between the intumed 
ends 109 of the magnetic strips 104 of magnets 
97 and 98 is a like permanent magnet 112. The 
individual magnets 110, 111 and 112 at the oppo- 
site ends of the cathodes serve to bridge the 
gaps between the associated magnetic strips and 
in conjunction therewith act to complete the 
magnetic field which follows a serpentine path. 

The tubes 101 of the cathodes 96, 97, 98 and 99 
are mounted in the coating chamber 100 for indi- 
vidual rotation relative to one another and may 
be provided with the same or different types of 
coating materials. The cathodes are also adapted 
to be internally cooled as described above 
through the coolant conduits 113, 114, 115 and 
116 to which the associated magnets are 
secured. 

A second form of the invention is illustrated in 
Figs, 9 — 13 and distinguishes. In essence, from 
the previous embodiments in that, whereas in 
those embodiments the tubular target is rotated 
about its longitudinal axis In a step-by-step fash- 
ion, this embodiment contemplates a tubular 



target that is continuously rotated during the 
sputter-coating operation. 

With reference particularly to Figs. 9 to 13, the 
cathode therein disclosed comprises an elon- 

5 gated, cylindrical tube or tubular member 120 
mounted for horizontal rotation about its longi- 
tudinal axis in the upper portion of an evacuable 
coating chamber 121 and having applied to the 
outer surface thereof a layer 122 of the coating 

70 material to be sputtered. The tube 120 is pro- 
vided at its opposite ends with the end walls 123 
and 124 and constitutes a rotatable target 

Mounted in the tubular target 120, in spaced 
concentric relation thereto, is a relatively smaller 

IS elongated, cylindrical tubular member 125, in 
which the magnetic means 126 are located. The 
inner tube 125 Is closed at its opposite ends by 
the end walls 127 and 128 which are provided 
with trunnions 129 and 130 respectively, said 

20 trunnions projecting through openings in the end 
walls 123 and 124 respectively of the tube 120. 

The trunnions 129 and 130 are provided with 
reduced squared end portions 131 and 132 
respectively that are supported in corre- 

25 spondlngly shaped recesses 133 (Fig. 11) formed 
in supporting brackets 134 and 135. These 
brackets have portions 136 and 137 respectively 
that extend outwardly beneath horizontal walls 
138 and 139 forming a part of the coating 

30 chamber 121 and are secured thereto by screws 
140 and 141. With such an arrangement, the 
inner tube 125 Is maintained in a fixed position 
and rotation thereof prevented, while the outer 
target tube 120 is rotated relative thereto, 

35 To effect rotation of the tubular target 120 the 
end walls 123 and 124 thereof are, as previously 
mentioned, provided centrally thereof with open- 
ings through which the trunnions 129 and 130 of 
the inner tube 125 pass. Surrounding these 

40 openings are the outwardly directed annular 
flanges 142 and 143 that receive the bearing 
sleeves 144 and 145 fitting over the trunnions 
129 and 130. Endwise movement of the tubular 
target 120 Is prevented by the rings 146 engag- 

45 ing the annular flanges 142 and 143, while her- 
metic seals 147 are provided inwardly of said 
bearing sleeves 144 and 145. 

As noted above, the tubular target member 
120 Is mounted for continuous rotation during 

so the coating operation. The drive means therefor 
includes a motor 148 mounted upon the top wall 
149 of the coating chamber 121, said top wall 
being supported at its apposite sides by the 
vertical walls 150 and 151 of the coating 

55 chamber. The top wall is also supported by the 
coating chamber end walls 152 and 153. O-rings 
154 and 155 are located between the top wall 149 
and said vertical side and end walls as well as 
between said vertical walls 150 and 151 and the 

60 horizontal walls 138 and 139 of the coating 
chamber. 

Keyed to the drive shaft of the motor is a 
sprocket gear 156 about which is trained a 
sprocket chain 157 which is also trained about a 
65 sprocket gear 158 keyed to a horizontal shaft 159. 
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This shaft is journaled in bearings 160 mounted in 
a bearing block 161 secured to the vertical wall 
151 of the coating chamber by machine screws 
162 (Fig. 10), The shaft 159 projects through an 
opening in the vertical wall 151 and has keyed to 
the inner end thereof a gear 162 meshing with a 
gear 163 keyed to the annular flange 143 on 
vertical wall 124 of the tubular target 120. Upon 
operation of the motor 148 the target member will 
be rotated through the gears 162 and 163, while 
the inner tube 125 remains stationary. 

The magnetic means 126 are supported in the 
inner tube 1 25 and comprises an array of substan- 
tially U-shaped permanent magnets 164 arranged 
in two straight parallel rows D and E extending 
lengthwise of the tube 125. The form and arrange- 
ment of these magnets are the same as described 
above with reference to Figs. 1, 2 and 13 and such 
disclosure is included here by reference. Similar 
numerals are used to designate like parts. 

The cathode is adapted to be internally cooled 
and for this purpose a cooling medium, such as 
water, is circulated through the space 165 
between the outer and inner tubular members 
120 and 125 along their length and also at the 
ends thereof. The incoming cooling medium is 
supplied by a feed pipe 166 supported by the top 
wall 149 of the coating chamber as indicated at 
167 (Fig. 11). The feed pipe feeds into the outer 
end of a passageway 168 formed in the trunnion 
130 and is discharged into the space 165 at the 
adjacent end of the cathode. After circulating 
within the space 165 the cooling medium is dis- 
charged at the opposite end of the cathode 
through a passageway 169 in trunnion 129 which 
leads to a discharge pipe 170 supported by the tip 
wall 149 of the coating chamber as indicated at 
172. 

The planar substrates 172 to be sputter-coated 
are supported on and carried horizontally through 
the coating chamber 121 and beneath the cathode 
by the conveyor rollers 173 keyed to horizontal 
shafts 174 journated in bearing blocks 175 and 
176 supported on the bottom 177 of the coating 
chamber. A vacuum pump 178 is provided to 
evacuate the coating chamber to the desired pres- 
sure. Should it be desired to inject gasses into the 
chamber it may be done through conduit 179 con- 
trolled by a valve 180. 

As pointed out above, the outer tubular 
member 120 is adapted to be rotated con- 
tinuously during the sputtering operation. Simul- 
taneously, the substrates 172 will be passed hori- 
zontally beneath the cathode to receive the coat- 
ing material sputtered from the target 120. The 
longitudinal axis of the tubular target 120 is trans- 
verse to the direction of substrate movement. A 
cathode potential sufficient to cause sputtering to 
occur is supplied to the target material from a D.C. 
power source (not shown) through a power line 
181 secured to a contract 182 having sliding 
engagement with the target 120. 
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Claims 

1. Apparatus for sputtering thin films of a 
selected coating material upon substantially 

5 planar substrates (S), comprising an evacuable 
coating chamber (21); a cathode (20) mounted 
horizontally in said coating chamber (21) and 
comprising an elongated, cylindrical tubular 
member (31, 120) having a layer (33) of the 
w coating material to be sputtered applied to the 
outer surface thereof; and magnetic means (32) 
located in said tubular member (31) for providing 
a sputtering zone extending lengthwise thereof 
characterised by means (66, 148) for rotating said 
IS tubular member (31 ) about its longitudinal axis to 
bring different portions of the coating material 
into a sputtering position opposite said magnetic 
means (32) and within said sputtering zone, and 
means (62, 63) in the coating chamber (21) for 
20 horizontally supporting the substrates (S) and for 
transporting them past the magnetic means (32) 
to receive the sputtered material. 

2. Apparatus as claimed in claim 1, charac- 
terised in that the means (148) for rotating said 

25 tubular member (120) rotates the same con- 
tinuously during the sputter-coating operation. 

3. Apparatus as claimed in claim 1, charac- 
terised in that the means (66) for rotating said 
tubular member (31) rotates the same in a step- 

30 by-step manner, 

4. Apparatus as claimed in claim 1 or 2 charac- 
terised in that there Is a second elongated, tubular 
member (125) mounted in fixed position in the 
first-mentioned tubular member (120) in spaced 

35 concentric relation thereto, and means (166) for 
circularing a cooling medium between said first 
and second tubular members (120, 125). 

5. Apparatus as claimed in any preceding claim 
characterised in that the magnetic means (86) 

40 comprise permanent magnets (87). 

6. Apparatus as claimed in claim 5 charac- 
terised in that said magnets are substantially U- 
shaped permanent magnets (87), there being 
magnetic strips (88, 89) extending longitudinally 

45 in the respective tube (85) and engaged by the 
tegs of the U-shaped magnets (87), and means 
(90, 91) for securing said magnets (87) to said 
magnetic strips (88, 89). 

7. Apparatus as claimed in any preceding claim 
so characterised in that said tube (85) is closed at 

one end and open at its opposite end, there being 
a conduit extending longitudinally within said 
tube (85) for receiving a cooling liquid. 

8. Apparatus as claimed in any preceding claim 
55 characterised in that there is at least one pair of 

magnetron cathodes (82, 83) mounted In said 
coating chamber (84) in horizontally spaced, par- 
allel relation, each cathode (82, 83) comprising a 
said elongated cylindrical tubular member (85), 
60 and there being said magnetic means (86) 
arranged in each said tube longitudinally thereof, 
there being means for mounting each said tube 
(85) for rotation about its longitudinal axis to 
bring different portions of the coating material 
65 into sputtering relation with the respective mag- 
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netic means (86), and there being additional 
nnagnetic means (93, 94) positioned between 
adjacent cathodes (82, 83) at the opposite ends 
thereof and establishing with the first-mentioned 
magnetic menas (86) a magnetic field of closed 
loop formation, 

9. A method of sputtering thin films of a selected 
coating material upon substantially planar sub- 
strates (S), comprising providing an elongated, 
cylindrical tubular member {31, 120) having a layer 
(33) of the coating material to be sputtered applied 
to the outer surface thereof, and providing within 
said tubular member (31, 120) a magnetic field 
defining the length and width of the sputtering 
zone on the coating material, characterised by 
rotating said tubular member (31, 120) about its 
longitudinal axis during the sputtering operation 
to bring different portions of the coating material 
within the sputtering zone into a sputtering posi- 
tion, and simultaneously moving the planar sub- 
strates (S) past said sputtering zone to receive the 
material being sputtered. 

Patentanspriiche 

1. Vorrichtung zur Aufstaubung von dunnen 
Filmen eines ausgewahlten Uberzugsmaterials 
auf wesentlich planare Substrate (S), bestehend 
aus einer evakuierbaren Beschichtungskammer 
(21); einer in dieser Beschichtungskammer (21) 
horizontal angebrachten Kathode (20) mit einem 
langlichen, zylindrischen Rohrelement (31, 120), 
auf dessen auBerer Fiache eine Schicht (33) des zu 
zerstaubenden Uberzugsmaterials aufgetragen 
worden ist; und Magnetmltteln (32), die in diesem 
Rohrelement (31) angeordnet werden, urn eine 
sich in Langsrichtung davon erstreckende Zer- 
staubungszone vorzusehen, gekennzeichnet 
durch Mittel (66, 148) zum Drehen dieses Rohr- 
elements (31) um seine Langsachse, um ver- 
schiedene Telle des Oberzugsmaterials in eine 
Zerstaubungsstellung gegenuber den vor- 
erwahnten Magnetmittein (32) und innerhalb der 
vorerwahnten Zerstaubungszone zu bringen, und 
durch in der Beschichtungskammer (21) befind- 
Uche Mittel (62, 63) zum horizontalen Abstutzen 
der Substrate (S) und zum Transportieren dieser 
an den Magnetmittein vorbei (32), damit diese 
Substrate (S) das zerstaubte Material empfangen, 

2. Vorrichtung nach Anspruch 1, dadurch ge- 
kennzeichnet, daS die Mittel (148) zum Drehen des 
Rohrelements (120) dasselbe kontinuieriich wah- 
rend des Zerstaubungsbeschichtungsverfahrens 
drehen. 

3. Vorrichtung nach Anspruch 1, dadurch ge- 
kennzeichnet, daS die Mittel (66) zum Drehen des 
Rohrelements (31) dasselbe stufenweise drehen. 

4. Vorrichtung nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, da(5 ein zweites langliches Rohr- 
element (125) ortsfest im erst-erwahnten Rohr- 
element (120) in beabstandetem, konzentrischem 
Verhaltnis dazu angebracht ist, und daS Mittel 
(165) zum Zirkulieren eines Kuhlmittels zwischen 
dem ersten und dem zweiten Rohrelement (120, 
125) vorhanden sind. 
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5. Vorrichtung nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daft die 
Magnetmittel (86) Dauermagnete (87) umfassen. 

6. Vorrichtung nach Anspruch 5, dadurch ge- 
5 • kennzeichnet, daB diese Magnete wesentlich U- 

formige Dauermagnete (87) sind, wobei magne- 
tischen Streifen (88, 89) sich in Langsrichtung im 
jeweiligen Rohr (85) erstrecken und durch die 
Schenkel der U-formigen Magnete (87) einge- 
10 griffen werden, und wobei Mittel (90, 91) zur 
Befestigung der Magnete (87) an die Magnet- 
streifen (88, 89) vorhanden sind. 

7. Vorrichtung nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daS das vor- 

15 erwahnte Rohr (85) an einem Ende geschlossen ist 
und am entgegengesetzten Ende offen ist, wobei 
sich eine eine Kuhlfiussigkeit erhaltende Leitung in 
Ungsrichtung innerhalb dieses Rohres (85) 
erstreckt. 

20 8. Vorrichtung nach einem der vorhergehenden 

Anspruche, dadurch gekennzeichnet, daG minde- 
stens ein Paar Magnetronkathoden (82, 83) in hori- 
zontal beabstandetem, parallelem Verhaltnis zu- 
einander in der Beschichtungskammer (84) ange- 
25 bracht sind, wobei jede Kathode (82, 83) ein vor- 
erwahntes, langliches, zylindrisches Rohrelement 
(85) aufweist, und wobei die Magnetmittel (86) in 
jedem vorenrt/ahnten Rohr in Langsrichtung davon 
angeordnet sind, wobei Mittel vorhanden sind, die 
30 jedes Rohr (85) in der Weise anbringen, daS es sich 
um seine Langsachse dreht, um verschiedene 
Telle de Uberzugsmaterials in ein zerstaubendes 
Verhaltnis zum jeweiligen Magnetmittel (86) zu 
bringen, und wobei zusatzliche, mit den erst- 
35 erwahnten Magnetmittein (86) ein mit ge- 
schlossener Schleife gestaltetes Magnetfeid 
erzeugende Magnetmittel (93, 94) zwischen 
benachbarten Kathoden (82, 83) an gegenuber- 
liegenden Enden davon aufgestellt sind. 
40 9. Verfahren zur Aufstaubung von dunnen Fil- 
men eines ausgewahlten Uberzugsmaterials auf 
wesentlich planare Substrate (S), wobei ein langli- 
ches, zylindrisches Rohrelement (31, 120) vorge- 
sehen wird, auf dessen auBerer Fiache eine 
45 Schicht (33) des zu zerstaubenden Oberzugs- 
materials aufgetragen worden ist, und wobei ein 
die Lange und Brelte der Zerstaubungszone auf 
dem Uberzugsmaterial bestimmendes Magnet- 
feid innerhalb dieses Rohrelements (31, 120) vor- 
50 gesehen wird, dadurch gekennzeichnet, daB die- 
ses Rohrelement (31, 120) wahrend des Zer- 
staubungsverfahrens um seine Langsachse ge- 
dreht wird, um verschiedene Telle des Uberzugs- 
materials innerhalb der Zerstaubungszone in eine 
55 Zerstaubungsstellung zu bringen, und daB die 
planaren Substrate (S) gieichzeitig an dieser Zer- 
staubungszone vorbeibewegt werden, damit sie 
das zerstSubt werdende Material empfangen. 

60 Revendications 

1, Appareii pour la deposition par pulverisation 
cathodique de couches minces constitutes d'une 
matifere de revetement choisie sur des substrats 
65 (S) essentiellement plans, comportant une cham- 
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bre de revetement (21) evacuable; une cathode 
(20) montee horizontalement dans ladite chambre 
de revdtement (21) et comprenant un membre 
allonge, cylindrique et tubulaire (31, 120), sur la 
face exteneure duquel est appliquee une couche 
(33) de la nnatiere de revetement ^ pulveriser; et 
des moyens magnetiques (32) situes dans ledit 
member tubulaire (31) et destines d pourvoir une 
zone de pulverisation s'^tendant longitudinale- 
ment de ce membre tubulaire (31), cet apparei) 
6tant caracterise par des moyens (66, 148) des- 
tines a faire tourner ledit membre tubulaire (31) 
autour de son axe longitudinal afin d'amener 
diff6rentes parties de la mati6re de revetement 
dans une positon de pulverisation en face des 
moyens magnetiques (32) et a I'int6rieur de ladite 
zone de pulverisation, et par des moyens (62, 63) 
situes dans la chambre de revetement (21) et 
destines k supporter horizontalement les sub- 
strats (S) et a les transporter devant les moyens 
magnetiques (32) pour recevolr la mati^re pulve- 
risee. 

2. Appareil selon la revendication 1, caracterise 
en ce que les moyens (148) destines h faire 
tourner ledit membre tubulaire (120) le font sans 
interruption pendant I'operation de revetement 
par pulverisation. 

3. Appareil selon la revendication 1, caracterise 
en ce que les moyens (66) destines d faire tourner 
ledit membre tubulaire (31) (e font d'une maniere 
pas-^-pas. 

4. Appareil selon Tune des revendications 1 ou 
2, caracterise en ce qu'il y a un deuxidme merribre 
tubulaire allonge (125) mont6 en position fixe 
dans le premier membre tubulaire (120) et espace 
concentriquement par rapport a celui-ci, et en ce 
qu'il y a des moyens (1 66) destines e faire circuler 
un agent refroidisseur entre le premier at le 
deuxidme membre tubulaire (120, 125). 

5. Appareil selon I'une quelconque des revendi- 
cations precedentes, caracterise en ce que les 
moyens magnetiques (86) comprennent des 
aimants permanents (87). 

6. Appareil selon la revendication 5, caracterise 
en ce que lesdits aimants sont des aimants per- 
manents (87) essentiellement en fer h cheval, en 
ce que des pistes magnetiques (88, 89) s'etendent 
longitudinalement dans le tube respectif (85) et se 
mettent en prise par les branches des aimants en 
fer a cheval (87), et en ce qu'il y a des moyens (90, 



91) destines a attacher tesdits aimants (87) aux- 
dites pistes magnetiques (88, 89). 

7. Appareil selon I'une quelconque des revendi- 
cations precedentes, caracterise en ce que ledit 

5 tube (85) est ferme a Tune de ses extremites et 
ouvert k I'autre, un conduit s'etendant longi- 
tudinalement d I'interieur dudit tube (85) pour 
recevoir un liquide de refroidissement. 

8. Appareil selon I'une quelconque des revendi- 
jo cations precedentes, caracterise en ce qu'une 

paire au moins de cathodes de magnetron (82, 83) 
est montee dans ladite chambre de revetement 
(84), lesdites cathodes (82, 83) etant paraiieies et 
espacees horizontalement I'une par rapport a 

IS I'autre et chaque cathode (82, 83) comportant un 
desdits membres (85) tubulaires cylindriques et 
allonges, et lesdits moyens magnetiques (86) 
etant disposes dans chacun desdits tubes, longi- 
tudinalement de ceux-ci, des moyens etant pre- 

20 vus pour monter chacun desdits tubes (85) de 
telle fagon qu'ils tournent autour de leur axe 
longitudinal afin de faire entrer differentes parties 
de la matiere de revetement dans une relation 
pulverisante avec les moyens magnetiques res- 

2S pectifs (86), et des moyens magnetiques addi- 
tionels (93, 94) etant positionnes entre des 
cathodes (82, 83) adjacentes, aux extremites 
opposees de ces dernieres, et etablissant avec les 
premiers moyens magnetiques (86) un champ 

30 magnetique ^ boucle fermee. 

9. Methode de deposer par pulverisation des 
couches minces d'une matiere de revetement 
choisie sur des substrats (S) essentiellement 
plans, comportant la prevision d'un membre 

35 tubulaire, cylindrique et allonge (31, 120), sur la 
face exterieure duquel est appliquee une couche 
(33) de la matiere de revetement h pulveriser, et la 
prevision h I'interieur dudit membre tubulaire (31, 
120) d'un champ magnetique qui definit la lon- 

40 gueur et la largeur de la zone de pulverisation sur 
la matiere de revetement, cette methode etant 
caracterisee par la rotation dudit membre tubu- 
laire (31, 120) autour de son axe longitudinal 
pendant I'operation de pulverisation, afin d'ame- 

45 ner differentes parties de la matifere de revdte- 
ment ^ I'interieur de la zone de pulverisation dans 
une position de pulverisation, et par le deplace- 
ment simultane des substrats plans (S) devant 
ladite zone de pulverisation pour recevoir la 

so matiere pulverisee. 
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